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INTRODUCTION

A key aspect of our 1992 studies was a revisiting of several
sites we had examined previously. These sites represent a core
set of wilderness monitoring streams. Besides being located in
the heart of the Frank Church River of No Return Wilderness, the
streams are well suited to a monitoring program because they
represent a range of conditions and are readily accessible from
the University of Idaho's Taylor Ranch. Four of the streams were
variously impacted by the Golden Fire in 1988 (Cliff, Cougar,
Dunce, and Goat Creeks) and drain catchments having a
predominately south-facing aspect. A more distant southern-aspet
control stream (unburned), cave Creek, will be reexamined in
1993. The other two core streams are located in north-facing
catchments which sustained minor (Pioneer) to moderate burning
(Rush) during the 1991 Rush Point fire. These wilderness
monitoring streams enable us to examine the response (recovery)
of watersheds to (from) relatively low impact fires and will help

to determine the natural range of vaiability found in relatively
natural stream ecosystems.

The research agenda for 1992 had four primary objectives:
1) Continue the temporal monitoring of Cliff Creek (now
encompassing 5 years (1988-1992) of benthic data);

2) Analysis of temporal trends for Rush and Pioneer Creeks;

3) Continued monitoring of four streams (Cliff, Cougar,
Dunce, and Goat Creeks) impacted by the 1988 Golden Fire

(now encompassing three years (1990-1992) of postdire
benthic data);

4) Interbasin comparison of streams ranging in size from
" 1st through 6th order using various abiotic (habitat)
and biotic (macroinvertebrate) measures.
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METHODS

General field methods used for the various segments of this
study are summarized in Table 1. These are relatively routine in
stream ecology and are described in detail in standard reference
sources (Weber 1973, Greeson et al. 1977, Lind 1979, Merritt and
Cummins 1984, APHA 1990) or in more specific references listed in
Table 1. The percent charcoal of BOM was determined by spreading
the dried organic matter on a white piece of paper and visually
estimating the %charcoal in quarterly increments (i.e.,0, 25, 50,
75, or 100%). Additional variables were analyzed for objective 4
above, and are described in Table 2. 1In particular, the ratio of
bankfull depth to baseflow depth' (H/L) was calculated as an index
of discharge flux. Since annual maximum stream temperatures
consistently occur during the July sampling season, annual
temperature range can be estimated from observed stream
temperatures with minimum teﬁperature equal to 0°C. Mean
substratum size, water depths, and bottom velocitiés wefe
determined at 100 random locations along a significant (ca. 200
meters) reach of stream. Methods for sampling macroinvertebrates
are described in Platts et al. (1983). Procedures for sample
analysis also are described in Table 1. Mécroinvertebrates were
examined in terms of density, biomass, species richness,
Simpson's dominance index (C), Shannon's diversity (H'),
functional feeding groups, ‘and specific taxon changes. Locations

of streams analyzed for the various objectives are summarized in
Table 3.

RESULTS

Cliff Creek Temporal Study: 1988-1992

Chemical and Physical Measures: Stream gradient at the study
reach averaged 11% (Table 4). Discharge was higher in 1990 (0.32

)
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Table 2. Characteristics measured, scale of influence, sample type

and sample size used in analyses.

CATEGORY MEASURED REPRESENTATIVE  SAMPLE SAMPLE
CHARACTERISTIC SCALE TYPE SIZE
Geomorphic Order Among/Spatial Point 1
Descriptors Link Among/Spatiat Point 1
Discharge Among/Spatial  Transect 1
width . Among/Spatial  Transect S
Highflow Depth Among/Spatial. Transect variable
Lowflow Depth Among/Spatial Random 100
CV-Lowflow Depth Within/Spatial Random 100
Slope Among/Spatial Point 5
Elevation Among/Spatiatl Point 1
Chemical pH Among/Spatial Point/Grab 1
Conductivity Among/Spatial Point/Grab 1
Hardness Among/Spatial Point/Grab 1
Alkalinity Among/Spatial Point/Grab 1
Physical Temperature (Delta-T) Among/Temporal Point 2
Bottom Velocity Among/Spatial Random 100
Cv-Bottom Velocity Within/spatial Random 100
Substrate Among/Spatial Random 100
Cv-Substrate Within/Spatial  Random 100
Highflow/Lowflow (Delta-Q) Among/Temporal Transect 5
Food Resources Chlorophyll a  Among/Spatial Random 10/5*
Cv-Chlorophyll a Within/Spatial  Random 10/5*
Algal AFDM Among/Spatial Random 10/5*
CV-Algal AFDM Within/Spatial Random 10/5*
Autotrophic Index Among/Spatial Random 10/5*
Benthic Organic Matter Among/Spatial Random 10/5*
Cv-BOM Within/Spatial Random 10/5*
Macroinvertebrates Density Among/Spatial Random 10/5*
Biomass Among/Spatial Random 10/5*
Species Richness Among/Spatial Random 10/5*
Diversity Among/Spatial Random 10/5*
Functional Group Among/Spatial Random 10/5*

*Note=Sample size equals 10 for 1988 collection only.



Table 3. Locations of study sites used to meet research objectives.

STREAM YEAR OBJECTIVE DRAINAGE ORDER SLOPE ELEVATION COORDINATES
SAMPLED MET BASIN
CLIFF 1988-1992 1 BIG 2 13.0 1196 114'51%;45107"
RUSH  1988,'91,'92 2 BlG 5 1.0 171 114'519;451 07w
PIONEER  1990-1991 2 sIG 3 3.0 1165 114951%;45'06%
CLIFF 1990-1992 3 BIG 2 13.0 1196 114'51;45107"
COUGAR  1990-1992 3 BIG 3 12.0 1005  114%494;45107v
DUNCE 1990-1992 3 BIG 2 15.0 1065  1141477;45107%
GOAT 1990-1992 3 BIG 2 18.0 1125 114948;45'07"
BEAVER 1988 4 BIG 3 4.0 1537 115'14%;45'10%
BIG at COXEY 1988 4  BIG 6 1.5 1305  115'02%;45'08"
BIG at GORGE 1988 4  BIG 6 1.0 1122 114%7v;45107%
81G at RUSH 1988 4  BIG 6 1.5 176 114'519;45507"
CLIFF 1988 4 BIG 2 13.0 1196 114'51%;45007%
RAMEY 1988 4 BIG 4 35 1440 115410%;45111w
RUSH 1988 4 BIG 5 1.0 N7 116151%;45007%
PIONEER 1990 4 BIG 3 3.0 1165 114'517;45060
DOE 1990 4  BIG 3 16.0 1260  114158%;45108%
DUNCE 1990 4  BlG 2 15.0 1065 116147;45107v
GOAT 1990 4  BIG 2 18.0 1125 114'48%;45'07"
MTHCAVE 1990 4  BIG 3 6.0 1220 114'57v;45'08v
COUGAR 1990 4  BIG 3 120 1005  114149%;45107v
PIONEER UP 1990 4  BIG 2 6.0 1485 114'51%;45105"
WFCAVE 1990 4  BIG 3 6.0 1365  11458%;45111n
SLIVER 1991 4  BIG 2 5.0 1880  115'04%;45'13%
PACKHOR 1991 4  BIG 2 4.0 1780  115'02v;45' 120
CROOKED 1991 4  BIG 3 3.0 1780  115002%;4518"
McCALL E 1991 4 CHAMBERLAIN 2 2.0 1915 115108";4517
McCALL 3 1991 4 CHAMBERLAIN 3 2.0 1890  115'08%;45°17%
McCALL & 1991 4 CHAMBERLAIN & 2.0 1820 . 115'06%;45'18%
WHIM MAIN 1991 4 CHAMBERLAIN & 1.0 1710 115%01%;45 17"
WHIM SF 1991 4 CHAMBERLAIN 3 2.0 1730 115'01%;45'17%
WHIN EF 1991 4 CHAMBERLAIN 2 2.0 1745 115'017;4518%
CHAMBERLAIN 1992 4 CHAMBERLAIN 6 3.5 1032 114'58%;451250
WF CHAMBERLAIN 1992 4 CHAMBERLAIN 3 1.5 1806 115'_11";45'24"
PHANTOM 1992 4 CHAMBERLAIN 1 18.0 1871 114'51%;45'23%
PISTOL 1992 4 MFSALAN 5 1.8 1548 115010%;44 143"
INDIAN 1992 4 MF SALMON 5 1.5 1450  11506%;44 146"
LOON 1992 4L MFSALMON 6 1.0 1291 114%47%;44 148"
RAPID 1992 4 WF SALMON 6 2.5 1613 115'10%;44'40%
MFSALMON 1992 4 MFSALMON 6 1.0 1613 115'10%;44 40"
CAMAS 1992 4 MF SALMON 5 1.0 1226 114%44%;44 53"

NOTE: Streams of MF Salmon basin used for analysis of large streams >5th order.




m3/s) and 1991 (0.18 m3/s) than in 1988 (0.04 m>/s) perhaps
reflecting greater groundwater inputs following the fires in
1989. Discharge was low in 1992 (0.08 m3s) suggesting some
vegetative recovery, and thus transpirational uptake, in upper
Cliff Creek compounded by drought conditions. Annual Delta-T
remained at 13°C in 1992, as in the previous two years, although
Delta-T was only 10°C in 1988. Mean water depth reflected
patterns in discharge with greater depths occuring in years of

greater flows. Substratum size remained unchanged, averaging 25 _
cm. i

Little change has occured in water chemistry in Cliff Creek
during the study period. For example, hardness values ranged
from 49 to 71 (mg/L CaCO,;) (Table 4). However, specific ' ’
conductance has increased over time, from 61 umhos/cm) in 1988 |
and 1990 to 99 (umhos/cm) in 1992. Stream pH has remained at ca.
8 among study years. Nutrient analyses, monitored by Taylor
Ranch, showed low levels of phosphorus and ammonium (NH#) in
Cliff Creek, but much elevated values for nitrate (NO3) relative
to other sites monitored (Fig. 1). Higher values in Cliff Creek
relative to Rush and Pioneer Creeks may reflect aspect
differences and the much greater terrestrial vegetative growth in
the Pioneer and Rush catchments in addition to fire effects.

Péfiphxtic and Benthic Organic Matter: Algal chlorophyll levels
were highest in 1991 and were similar in 1988, 1990, and 1992
(Fig. 2). Algal AFDM was lowest in 1992 over the previous years

of study. Biomass:Chlorophyll ratios have decreased to ca. 200
since the high of 800 in 1988.

Benthic organic matter was highest in 1988, averaging 100
g/m2 (Fig. 3). BOM values were lower from 1989 through 1992,
with lowest values observed in 1992. The % charcoal of BOM has
steadily increased following 1988, with the highest percentage
found in 1992 (ca. 30%), suggesting that BOM is being washed into

6



Table 4. Physical and chemical data for Cliff Creek in 1988, 1990, 1991, and 1992.

Parameter

1988 1990 1991 1992
Mean CV Mean CV Mean CV Mean CV

SLOPE (%) 13 10 1 9
ELEVATION (m) 1145 1145 1145 1145
DISCHARGE (m"3/s) 0.04 . 0.32 0.18 0.08
ANNUAL TEMP RANGE 10.0 13.0 13.0 13.0
WIDTH, HIGHFLOW (m) 4.8 3.5 3.8 5.5
DEPTH, HIGHFLOW (m) 0.7 0.5 6.5 0.3 0.5 0.2 0.4 0.4
DEPTH, BASEFLOW (m) 0.1 0.9 0.2 0.2 0.2 0.4 0.2 0.7
DEPTH, (H-L) 0.6 0.3 0.3 0.3
WIDTH:DEPTH RATIO 60.0 18.6 22.5 34.4
DEPTHCH/L) 9.0 2.5 2.9 2.6
SUBSTRATE LENGTH (cm) 16.2 0.63 25.3 0.7 22.5 0.85 26.7 1.03
ALKALINITY (mg/L CaCO3) 35.0 35.0 77.0 48.0
HARDNESS (mg/L CaC03) 66.0 66.0 71.0 49.0

pH 8.2 8.2 8.2 8.0
SPECIFIC CONDUCTANCE 61.0 61.0 73.0. 9.0

(umhos/cm 825 C)

CHLOROPHYLL (mg/m2) 2.4 8.8 2.0 13.5 8.8 1.4 1.2 3.4
CHL. AFDM (g/m2) 1.9 1.0 0.9 0.5 1.8 0.6 0.3 0.2
B/C (AFDM/CHLOROPHYLL) 804 450 205 262

8OM (g/m2) 98.6 1.2 415 0.9 25.6 0.4 1.7 0.5
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the study reach from upstrean.

Benthic Macroinvertebrates: Total density and species richness
increased in 1992 from 1991 (Fig.4). In contrast, Shannon's
diversity (H') remained unchanged from 1991 values in 1992, with
both year's values being lower than found previously in 1988-1990
(Fig. 5). Simpson's dominance also remained unchanged from 1991
values in 1992, with both year's being higher than those observed
in 1988-1990. Overall, density has varied widely among years
(although not statistically significant), biomass had shown a
gradual decline, and species richness had remained relatively
constant (except for 1991).

Little change occured in the relative abundances of.
functional feeding groups based on density (Table 5). As in
1991, miners were predominant in 1992, representing 54% of the
assemblage. Scrapers (25%) and Gatherers (11%) also were
predominant in 1992 in Cliff Creek. These three groups have been
predominant since the study began in 1988.

In terms of biomass, shredders were abundant in 1988 and 1989
and then decreased in 1990-1992 (Table 5). Filterers were
predominant, by weight, in 1989 at 41%. The predominance of
miners was reduced substantially when using biomass data in 1988
through 1990, but markedly increased in 1991 and 1992. Gatherers

and scrapers were abundant for all study years in terms of both
numbers and biomass. '

Oligochaeta was the predominant taxon in 1988 in Cliff Creek,
then decreased in 1989 and 1990, and again was predominant in
1991 and 1992 (Table 6). Baetis increased in abundance in 1989
and 1990, decreased in 1991, and again increased in 1992.

Heterlimnius and Chironomidae also were abundant during the four
years of study.

11
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dates).
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Rush Creek and Pioneer Creek Comparative Study

Physical and Chemical Measures: Rush Creek is a 5th order stream
combining 223 links, whereas adjacent Pioneer Creek is a 3rd
order stream comprised of only 18 links (Table 7). The larger
size of Rush Creek is observed in greater stream widths (about 5X
greater mean width in Rush than Pioneer) and discharge (ca. 10X
greater Q in Rush than Pioneer). Stream gradient at the study

sites are 1 and 3%, respectively. Both sites are located at
about 1170 m in elevation.

Maximum and minimum water temperatures were recorded from
October 1991 through late May 1992 (Fig. 6). Temperatures in
Pioneer Creek displayed a range from 0°C to 12°C, whereas the
larger Rush Creek showed maximum temperatures of 17°C with the
same minimum. Rush Creek also displayed greater among year.
variation (Delta-T 14-18°C) than Pioneer Creek (Table 7).
Pioneer Creek displayed higher values for specific conductance
than Rush Creek for most sampling periods (Fig. 1, Table 7).
Both sites showed low values for phosphorus, ammonium and
nitrates in data obtained by Taylor Ranch personnel (Fig. 1).

Average velocities near the stream bottom decreased in Rush
Creek in 1992 from values cbserved in 1988, probably resulting
from the lower discharge in 1992 (Table 7). Both sites exhibited
similar high-depth/low-depth ratios suggesting similar temporal
heterogeneity due to flow. In addition, baseflow water depth,

substrate size, and percent embeddedness was similar in both
sites. '

Periphytic and Benthic Organic Matter:

Algal chlorophyll a and AFDM levels were greater in Rush than
in Pioneer Creek, most likely resulting from the more open canopy
and hence higher temperature and light conditions at the Rush

16



Table 7. Physical and chemical data for Rush and Pioneer Creeks.
Means are based on n=5, except for vel and sub where n=100.

RUSH PIONEER
1988 1991 1992 1990 1991

ORDER 5 5 5 3 3
LINK 223 223 223 18 18
SLOPE 1 1 1 3 3
ELEV ) "7ty 1171 1 1165 1165
TEMP 16.7 14.0 18.0 11.2 11.0
WIDTH (m) 15.1 12.0 3.4 2.0
Q (m3/s) 1.61 1.10 0.16 0.01
VELOCITY

MEAN (m/s) 0.49 0.11 0.33

VEL CV 0.43 0.59 0.84
DEPTH

hiz-loz 0.85 0.27 0.40

hi-2 1.20 0.48 0.56

hi-2-cv 0.15 0.42 0.22

lo-2 0.35 0.21 0.16

lo-z-cv 0.28 0.51 0.28

hz/tz 3.4 3.0 3.6
SUBSTRATE

LENGTH (cm) "14.6 13.3 16.7

cv 0.96 0.69 0.84

EMBEDEDNESS (X) 18.8 12.5

cv 1.42 1.9
CHEMICAL

ALKALINITY (mg/l CaCO3 36 46 62

HARDNESS (mg/l CaCO3) 30 46 86

pH 7.8 8.2 8.4 8.1 8

CONDUCTIVITY (uS) 110 103 95 88 125
PERIPHYTON

CHL-a (mg/m2) . 6.5 10.7 39.8 2.8 2.3

CHL-a CV 0.71 0.78 0.99

AFDM (g/m2) 2.49 6.94 1.58 1.12 1.1

AFDM CV 0.48 0.41 0.26

B/C RATIO 3.83 6.49 3.92 4.00

BOM (g/m2) 18.41 12.18 7.40

BOM CV 1.45 0.45 0.45

NOTE: CV = Coefficient of variation.
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Figure 6. Maximum and minimum water temperatures

for Pioneer and Rush Creeks between October 1991 and
June 1892.




Creek site (Table 7). Pioneer Creek exhibited greater levels,

ca. 1.5 to 2.5X) of benthic organic matter (BOM) than Pioneer

Creek. 1In Rush Creek, chlorophyll a was much higher and

periphyton AFDM and BOM were lower in 1992 compared to 1988. 1In

Pioneer Creek, algal chlorophyll a and AFDM were similar between

1990 and 1991. The changes in Rush Creek in 1992 may have been _ |
the result of the Rush Point fire in the upper part of the !
watershed the previous summer.

Benthic Macroinvertebrates: Both streams exhibited increases in
macroinvertebrate’densities in 1991 relative to previous
collection periods (Fig. 7). Rush Creek showed similar mean
species richness values among years, while mean richness in
Pioneer Creek increased by about 10 taxa. Dominance values
substantially decreased in 1991 in Rush Creek from 1988 values
suggesting a greater diversity and evenness among taxa; whereas

Simpson's index and H' was unchanged in Pioneer Creek from 1990
to 1991. |

1988 Golden Fire Stream-Monitoring: 1990-1992

sites in 1992 from 1991 values (Table 8). Stream width and mean
water depth remained similar among years (1990-1992) for each
site. Average substrate size decreased by about half in Cougar
and Dunce Creeks suggesting some input of fine sediments from the
surrounding landscape. Little channel change was evident for any
site as reflected in similar width:depth ratios among years.

|

!

Physical and Chemical Measures: Discharge decreased in all burn !
' \

|

Water pH was around 8.0 for all sites among years (Table'8).
Specific conductance was greater in Dunce and Goat Creeks than in
Cliff and Cougar Creeks suggesting some geologic changes between
the basins (Dunce and Goat are located farther downstream along
Big Creek than Cliff and Cougar Creeks). All sites experienced
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Figure 7. Macroinvertebrate density (A), biomass (B), species
richness (C), Simpson’s Index (D), and Shannon—Wiener Index (E)
for Rush and Pioneer Creeks. Error bars equal one standard
deviation from the mean (n=10, 1988; n=5, all other dates).
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decreases in alkalinity and total hardness from 1990 to 1992.

Delta-T (water temperature) was unchanged among years for each
site.

Periphytic and Benthic Organic Matter: Algal chlorophyll a
values increased in Goat Creek, remained unchanged in Dunce and
Cougar Creeks, and decreased in Cliff Creek in 1992 (Fig. 8).
Algal biomass (as AFDM) was low at all sites for 1992. The
quantity of BOM was unchanged in all sites for 1992 except for
Dunce Creek which showed an increase from 1991 to 1992. The
percent charcoal of BOM also was similar between 1991 for 1992
for all sites except Goat where the mean %charcoal of BOM

" increased from about 30% in 1991 to about 50% in 1992 (Fig. 8).

Benthic Macroinvertebrates: The density of macroinvertebrates
increased about 2X at all sites in 1992 from 1991; being
especially evident at Goat, Dunce and Cougar Creeks (Fig. 9).
Average biomass showed trends similar as macroinvertebrate
numbers. The mean species richness increased in Dunce and Cougar
Creeks in 1992 over 1991 values, while remaining unchanged in
Goat and Cliff Creeks for this same time periocd.

Simpson's dominance increased in all sites in 1992 from 1991
values except for Cliff Creek (Fig. 10). However, dominance
values were still relatively low, being less than 0.30 in Goat

and Dunce Creeks. Similarily, Shannon's diversity decreased in
all sites except Cliff in 1992 from 1991 values.

Miners and scrapers were predominant in Cliff Creek from 1990
through 1992 (Table 9). Scrapers were most abundant in Cougar
Creek in 1990, while miners became predominant in 1991 and 1992.
Gatherers, predators, and shredders were predominant in 1990 in
Dunce Creek, while filterers and miners became predominant in
1991 and 1992. Filterers were abundant in 1990 and 1991 in Goat
Creek, whereas miners became predominant in 1991 and 1992.
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Figure 8. Periphyton chlorophyll—a, Ash—Free—Dry—Mass, Benthic
Organic Matter (BOM), and percent charcoal of BOM for four burn
streams sampled in 1990, 1991, and 1992. Error bars equal one
standard deviation from the mean (n=5).
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bars represent one standard deviation from the
mean (n=5).



Table 9. Mean and relative abundance (#/m2) and biomass (mg/m2) of macroinvertebrate functional feeding groups for Cliff, Cougar, Dunce, and Goat Creeks

in 1990, 1991 and 1992.

GOAT
1991

DUNCE

1991

Mean Rel. X Mean Rel. ¥ Mean Rel. X Mean Rel. X Mean Rel. X Mean Rel. X Mean Rel. X

COUGAR

1991

. % Mean Rel. X Mean Rel. ¥ Mean Rel. ¥ Mean Rel. X

CLIFF

1991

1992

1990

1992 1990 1990 1992

1990

Mean Rel

FFG

CeERAEmancaws SemEERsccessescaBBRacCanen

ABUNDANCE
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o O O 2
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NN -
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. « e o
wn

- -
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1

8. .
2989.1 48.9

14

14

29

2.
2 8.3
30.5

Filterer 337.
1720.0

Shredder 138.
Miner

Gatherer
Scraper 1195.

BIOMASS

2
9
1
6
8

137.6 11.
146.1

27.2 5.1 107.9 17.6

108.0 28.7 24.9 4.1

133.5 16.6

46.1 18.7

25.9 10.5

1.

103.8 12.9

3
1

55.9 22.7

40.8 16.5
22.1

9
4
5
9

6.0

3
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1
7

6.9
147.

140.1 33.4

41.3 17.0 69.1 22.8

75.4 31.2

)
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6
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9

1
2
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1
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.71

é

2.1
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56.0 22.7

197.8 45.5

43.0 14.2

5.1

58.3
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Gatherers were abundant in Goat Creek in 1990 and 1992,
decreasing in abundance in 1991.

The most common taxa observed in Cliff Creek consisted of the
Oligochaeta, Heterlimnius, Baetis, and Chironomidae (Table 10),
although some Simuliidae were present in all sample years.
Baetis, Heterlimnius, Chironomidae, and the Oligochaeta were most
common in Cougar Creek. The shredder Zapada was most common in
Dunce Creek followed by Oligochaeta and Chironomidae. Ostracoda
and Heterlimnius were common in Goat Creek in 1990, while the
Oligochaeta and Chironomidae became more common in 1991 and 1992.

Interbasin Comparison

. In this section we present preliminary analyses examining _
abiotic and biotic differences among Big Creek Basin streams and
Chamberlain Basin streams. We also included data on streams 5th
and 6th order in size that drain into the Middle Fork of Salmon
River in order to compare streams over a broader range of sizes.
Multivariate analyses (Principal Components and Multiple
Discriminant Analyses) were used to determine among basin and
stream size differences. Abiotic factors considered are found in
Table 2. Biotic factors considered were community level indices
of macronvertebrate density, biomass, species richness,
diversity, dominance, and functional feeding groups. Streanms
used for analysis, and respective basin category are found under
objective 4 in Table 3. We also included a habitat evaluation

for five streams in Big Creek Basin and three streams from
Chamberlain Basin.

Habitat assessment scores for streams of both basins show
relatively good aquatic and riparian habitat conditions (Table
11) . For example, all sites scored at least 80% of the maximum
score possible. However, the data indicate that streams of
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Chamberlain basin scored higher in the pool/riffle category,
which supports the observation that streams in Chamberlain are of
lower gradient than streams in Big Creek basin.

Figure 11 represents the results from the PCA. The data show
that streams separate by stream size along Axis-1, with larger
streams having greater Delta-T, larger substrata, and lower
gradients than small streams. Axis-2 suggests that smaller
streams exhibit greater variation in channel characteristics,
algal resources, and elevation than larger streams.

The multiple discriminant results clearly separated the
smaller streams between basins, and the smaller streams from the
larger ones based on habitat characteristics (Fig. 12). Abiotic
factors important in the analysis included chemical measures
(specific conductance), water velocities, substrate, and algal
resources. Although, further analysis is required before
determining clear patterns in habitat characteristics among these
basins and streams of different size, the data strongly suggest

that a multiple variate approach is necessary (see also Boulton
and Lake 1992).

.

The results of MDA using biotic components also clearly
separated streams among basins and the larger streamé from
smaller streams of these basins (Fig. 13). Here, the biotic
factors that were important included diversity, dominance,
richness, density, %shredders, %predators, and %scrapers. The
results clearly indicate that habitat differences exist among
these basins and among streams of different size and suggest that
these habitat differences may be translated into differences in
biotic properties of the basins and streams. Further analyses
will refine the multivariate approaches already used and include
additional analyses relating environmental differences with
associated biotic differences, e.g., Canonical Correspondence
Analysis, and also analyses at the taxonomic level.

-
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Figure 11. Results of principal components analysis indicating
important habitat measures used to separate individual streams.
See text for explanation.
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Figure 12. Results of multiple discriminant analysis
used to separate streams by basin based on difference
in habitat properties. See text for explanation.
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COMMUNITY PROPERTIES
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Figure 13. Results of multiple discriminant analysis used
to separate streams by basin based on community

properties of macroinvertebrate assemblages. See text
for explanation. :
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DISCUSSION/SUMMARY

Cliff Creek showed little change in 1992 from 1991 in either
abiotic or biotic measures. The BOM data suggest that burned
organic matter is still entering from upstream sources. The
macroinvertebrate community in Cliff Creek in 1991 and 1992 was
prediminantly miners, in particular the Oligochaeta. The scraper
Baetis sp. also displayed high abundances. Both miners and
Baetis are commonly associated with some form of disturbance in
streams. Thus far, however, Cliff Creek has displayed minimal
physical effects from the 1988 wildfires, but the increase in
burned organic matter in the BOM suggests ﬁelayed and continued
influences from upstream events.. The increase in substrate CV's
over time further suggest subtle physical changes in substrate :
characteristics such as an increase in fine sediments from
upstream sources. Cliff Creek provides the unique opportunity to
examine the short- and long-term influence, i.e., delayed
impacts, of burned headwaters on downstream reaches.

Since 1988, Rush and Pioneer Creeks have been sampled and
examined in various years. These streams are adjacent watersheds
draining similar aspect, but differing in size. These two '
watersheds provide the opportunity to examine long-term spatial
variability in two streams of different size in the éame
geographic area. The data thus far suggest that Rush Creek
exhibits greater temporal variability in abiotic properties, such
as annual temperature range, than Pioneer Creek. This agrees
with the River Continuum Concept and our recent presentation at

1993 annual meeting of the North American Benthological Society
held in Calgary, Alberta, Canada.

The 1992 data also showed minimal additional effects of the
1988 Wildfires on Goat, Dunce, Cougar, and Cliff Creeks. Results
obtained from this summers sampling (1993) will allow us to
contrast a series of drought years with wetter (more "normal")
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conditions. We anticipate that substantial abiotic and biotic
differences will be found. These streams have experienced
little change in channel characteristics that we have observed in
studies of the Mortar Creek Fire (1979) and the Yellowstone Fires
(1988) as a result of the either the degree and intensity of the
Golden Fire or the climatic differences among these various
geographic areas. The arid environment of Big Creek,
particularly over the past few years, seems to have minimized
extreme runoff events observed in streams impacted by the Mortar
Creek and Yellowstone National Park fires.

Multivariate analyses providela promising avenue for
determining habitat and biotic differences among drainage basins
and streams of different size. The present analyses are
preliminary in nature, but touch upon the possible patterns
discerned from using such analyses. We intend to expand and
refine these analyses during the next year to more clearly depict
differences among the Big Creek basin streams and Chamberlain

basin streams. We believe outcome will be quite enlightening and
fruitful for resource managers.
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